Cystic lesions around the knee are a relatively common occurrence. Several types of cysts have been reported, including synovial, bursal, and ganglion. Ganglion cysts are not lined by synovial cells. Their location is highly variable, with occurrences described in the fat pads near the tibia or femur, muscles, nerves, and arteries. Intraneural ganglia are rare nonneoplastic cysts caused by the accumulation of thick mucinous fluid within the epineurium of peripheral nerves, encased in a dense fibrous capsule. These cysts can cause compression of the adjacent nerve fascicles, resulting in pain, paresthesias, weakness, muscle denervation, and atrophy. They are most commonly manifested by local and radiating pain, but sensory and motor deficits have also been described. Involvement of the tibial nerve is exceptionally rare, with <15 reported cases in the literature. We present a case of intraneural tibial ganglion cyst in a young woman. We also discuss the imaging features, differential considerations, proposed pathogenesis and anatomic origin, and treatment of this rare entity.
CASE REPORT
A 34-year-old woman presented with worsening knee pain, which began 5 weeks earlier. She had been driving an all-terrain vehicle the day before but could not recall any distinct injury. She complained of tingling and numbness from the right hip to the foot and had pain that had kept her awake at night. Squatting down exacerbated the pain, whereas standing improved it. Th e history was also signifi cant for remote anterior cruciate ligament tear involving the right knee. Her physical examination was signifi cant for tenderness to deep palpation along the tibial nerve. She resisted full extension of the knee because it exacerbated the pain, and she had diffi culty performing a straight leg test above 30 degrees.
Magnetic resonance imaging (MRI) of the right knee demonstrated enlargement of the tibial nerve beginning at the distal thigh and extending into the popliteal fossa as seen on the axial fat-saturated proton density images (Figure 1) . Sagittal proton density images demonstrated a multilobulated tubular mass, subadventitial in location, extending along the course of the tibial nerve from the proximal tibial epiphysis to the level of the distal femoral metadiaphysis (Figure 2) . A sagittal A rare case of intraneural ganglion cyst involving the tibial nerve hyperintensity (Figure 3 ). Axial and sagittal fat-saturated precontrast T1-weighted images demonstrated faint intrinsic T1 contrast (Figure 4 ). Axial and sagittal T1-weighted intravenous postcontrast T1-weighted fat-saturated images demonstrated peripheral enhancement of the multilobulated tubular cystic mass involving the tibial nerve ( Figure 5 ). Th e constellation of fi ndings was believed to represent a multilobulated ganglion and was likely contiguous with the posterior joint capsule. Surgical exploration of the popliteal fossa revealed a bubbly longitudinal mass within the sciatic nerve sheath. As this was dissected out of the neurologic sheath, a portion of the mass was entered and the typical sticky jelly-like fl uid of a ganglion cyst was encountered. It was not feasible grossly to identify communication with the knee joint, even though the lesion migrated inferior to the popliteal fossa. Whether or not there was nonvisualized communication was uncertain. Th e portion of the mass that was obtained was then sent to pathology. On gross inspection, a solid portion of the mass was not visible. Th e appearance was consistent with the MRI scan fi ndings of peripheral enhancement only.
DIAGNOSIS:
Ganglion cyst without atypical features.
DISCUSSION
An intraneural ganglion cyst is an uncommon occurrence of the peripheral nerves. Th e most common type is the peroneal intraneural ganglion cyst. Other reported sites of involvement are the radial, ulnar, median, sciatic, tibial, and posterior interosseus nerves. Th e fi rst case of intraneural ganglion cyst of the tibial nerve was described in 1967. Since then, about 15 cases have been reported (1) (2) (3) .
Th e diff erential considerations for cystic intraneural lesions include cystic nerve sheath tumors, atypical Baker's cyst, and extraneural ganglion. Atypical vascular or lymphatic malformation was also considered in our case. Cystic nerve sheath tumors such as schwannomas and extraneural ganglion can be diff erentiated from cystic intraneural lesions by MRI. A Baker's cyst classically is more mass-like, with a characteristic location extending from the tibiofemoral joint to within the confi nes of the medial head of the gastrocnemius and the muscles of the joint capsule (1, (4) (5) (6) .
Numerous explanations have been proposed for the pathogenesis of intraneural tibial ganglia. Early literature described a localized degenerative process of connective and perineural tissue secondary to chronic mechanical irritation. An alternate theory states that some cysts could arise from mucoid or cystic degeneration of formerly solid tumors. Intraneural hemorrhage secondary to trauma and formation of cysts after resorption of the hemorrhage have also been proposed, although the explanation is not convincing since the presence of hemosiderin deposits has been an uncommon fi nding. Trauma has also been implicated as one of the potential causes of ganglion cyst formation, with several of the case reports indicating a remote history of trauma. Our patient also had a remote history of trauma to the knee (1). Adn et al favor trauma being a contributing factor rather than a principal causative factor. A more recent explanation based on critical analysis of clinical, operative, and radiologic observations has favored a synovial origin of these intraneuronal ganglion cysts, which is based on a unifying articular theory (6) (Figure 6) .
Th e unifying articular theory was initially proposed for the intraneural ganglion cyst arising within the peroneal nerve. It was later extended to include the tibial nerve as well. According to the theory, fl uid from the synovial joints-in our case the superior tibiofi bular joint-dissects intraepineurally from the joint via articular branches perforating the joint capsule along a path of least resistance. In the case of the tibial intraneural ganglia, the cyst arises from the posterior aspect of the superior tibiofi bular joint (as opposed to the anterior origin for the intraneural ganglion cyst involving the peroneal nerve). Th e articular branch responsible is derived from the oblique descending branch innervating the popliteus muscle. Th e same authors have also proposed a classifi cation scheme for stages of nerve involvement (Figure 7) . Stage 0 represents a cyst within the superior tibiofi bular joint. A defect in its posterior capsule allows the cyst to dissect proximally up the articular branch (stage 1). Dissection of the cyst into the popliteal nerve branch is stage 2, extension into the tibial nerve is stage 3, and extension into the tibial division of the sciatic nerve is stage 4 (4). More recent literature has incorporated dynamic aspects of cyst formation due to pressure fl uxes to explain various patterns of ascent, cross-over, and descent down terminal nerve branches (6) .
Classic MRI fi ndings have been proposed to further corroborate the unifying articular theory. However, these imaging fi ndings have been made on a retrospective basis. MRI signs include the "tail sign," which is seen with a narrow neck or pedicle connecting the intraneural cyst to the joint; denervation of the popliteus muscle and resulting fatty atrophy, i.e., the "popliteus sign"; and the "signet ring sign," which refers to eccentric displacement of the tibial nerve fascicles by intraneural cyst. Th ree-dimensional reformatting can also be helpful in further elucidating the course of the nerve and may be accomplished with high-resolution but nonisotropic planar imaging (5) . MR arthrography has also been proposed to detect occult joint communications, especially in recurrent intraneural ganglion cysts (7). Malghem et al described the use of intraarticular injection of contrast in the knee with delayed imaging using computed tomography to demonstrate communication between the ganglion cyst and the articular cavity. Ultrasound imaging can also help delineate the cystic versus solid nature of the lesion (8) .
More recent literature has mentioned minimally invasive decompression for treatment of symptomatic intraneural ganglion cysts to reduce tibial nerve compression and secondary muscle denervation in patients wanting to avoid an open surgical approach. Ultrasound-guided aspiration can be performed after taking careful measures to avoid injuring the adjacent popliteal artery and the nerve fascicles. However, long-term follow-up studies are needed to determine cyst recurrence (2) . An open surgical approach is more defi nitive treatment, although it is associated with greater risk and technical challenge. Th e suggested treatment strategy involves decompressing the intraneural ganglion cyst, disconnecting the articular branch (once identifi ed), and resecting the synovium. Failure to disconnect the articular branch can result in partial cyst persistence or recurrence. Incomplete resection of the synovium can result in extraneural occurrences (4) .
